Interstitial ion concentrations and paroxysmal discharges in hippocampal formation and spinal cord.
This chapter contains a summary of previous work, as well as some new data concerning the roles of potassium and calcium in electrically and chemically induced seizures. During tonic-clonic seizure discharges, the extracellular concentration of potassium, [K+]o, increases from its resting level of 3.0 to 3.5 mM to between 8.0 and 12.0 mM. The time course of the [K+]o increase is such that it cannot play a part in causing either the onset or termination of paroxysmal firing, but its magnitude is in the range where K+ ions have a profound influence on the functions of excitable membranes and synapses. During nonparoxysmal activation of central nervous system (CNS) tissue, [Ca2+]o may decrease, increase, or remain unchanged. When the same stimulus train is repeated every few seconds, in time the [Ca2+]o response may change polarity even if the experimental conditions have not deliberately been altered. Changes in cerebral pH can cause small changes in the level of free Ca2+ ions in the CNS interstitium, possibly contributing to the variability of its response. At the site of origin of seizure discharges, however, [Ca2+]o does decrease in most or all cases. Paroxysmal firing provoked in hippocampal formation by repetitive stimulation of an afferent pathway and recorded with extracellular microelectrodes in a cell-body layer consists of "giant" population spikes riding on a sustained negative shift of the baseline potential. The paroxysmal sustained potential (SP) shift appears to be generated by intense and sustained depolarization of the cell bodies of dentate granule cells, and of hippocampal pyramidal cells. This is different from spinal cord and cerebral neocortex, where paroxysmal SP shifts are generated mainly by depolarization of neuroglial cells. The giant population spikes are probably the result of lockstep firing of granule cells and of pyramidal cells.